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1 It has been reported through work in the field of 
diazo chemistry that normal reactions of diazo ketones with 
certain acids can result in some unusual products. In the 
normal type reaction substituted methyl ketones are the re- 
sulting products which occur as a result of the elimination 
of nitrogen. However, the presence of a nucleophilic center 
at the ortho position of an aromatic diazo ketone can over- 
ride the normal replacement and result in a cyclization pro- 
duct with the elimination of nitrogen. In these reactions 
1t was found that addition of excess nucleophile still did 
not form open-chain products. Both four- and five-membered 
rings have been formed by this method. The latter has been 
observed most often in work with o-substituted diazoaceto- 
phenones which lead directly to the formation of coumara- 
nones. Catalytic amounts of acid converted o-methoxy-w- 
diazoacetophenone to coumaranone with the splitting off of 
methanol by solvolysis and the restoration of the proton to 
the system. This mechanism involved an oxonium ion intermedi- 
ate (reaction A) • 
reaction A 
Q 
II 
_1-1~2 o > 4"1'(,_.. ;' 
~)'' 0 
Formation of six-membered rings, though less common, 
were attempted. The reactions of l-diazo-J-(o-anisyl)-2- 
propanone with certain acids were investigated. As expected 
ethereal acetic acid gave only open-chain products. Sulfuric 
acid in ether gave predominantly the open-chain product and 
sulfuri,c acid in aqueous dioxane gave the normal ketone and 
the chromanone in the ratio of 3 i 1 • However, when boron tri- 
-2- 
fluoride in ether was used, the chromanone alone was obtained 
in 35% yield. The mechanisms of these reactions proceed very 
differently: the "catalytic" reaction is essentially indepen- 
dent of the nucleophil1c species present, and the usto1ch1- 
ometr1c·• reaction ls a runotlon or the nature and a.mount of 
nueleoph111c species present. The use of boron trifluoride 
etherate represents the extreme case in which no strong nu- 
eleophile other than the a-substituted group is present to 
attack the d1azo center. A stronger nucleophile, acetate for 
example, would prevent the methoxy group from cycl1zation 
with the diazo center. Thus, the discovery of the boron tri- 
fluoride etherate mixture as a weakly nucleophilic protonator 
was an important step in the investigation of these cyclizat1on 
mechanisms. There was little indication of seven-membered 
ring formation when it was attempted. The sequence just dis- 
cussed 1s shown below for convenience. 
Cl-\ ,.,. 
~'\)...- ~C ... 0B~3 l::: /, II Ht. o ) 
/ \+ c" 0/ 
I 
cH3 
The success encountered with the ortho-substituted meth- 
ory group in the diazoacetophenone has inspired work with other 
functional groups which are possible centers of nucleoph1lic 
attack. One such group is the nitrile group. It is this 
functional group which will be the focal point of this re- 
search paper. The work discussed will center around the var- 
ious different methods of synthesis of the starting ketone, 
the mechanisms involved in the reactions leading to the final 
oyclizat1on, and a discussion of the possible forms of the 
-3- 
expected end product. 
A brief outline of the synthetic chain is in order. 
We chose as. our starting material ortho-cyanobenzoic acid. 
A complete discussion of this compound appears in the next 
section of this paper. The acid is next converted to the 
corresponding acid chloride by some suitable method, most 
likely by using either th1onyl chloride, phosphorous tri- 
chloride or phosphorous pentachlor1de. These reactions will 
also be fully investigated later, The acid chloride is then 
reacted with diazomethane to form the desired diazoaceto- 
phenone. The diazoketone is then protonated using boron tri- 
fluoride to yield the expected cyclic product. In this chain 
the final, product is 1,4-tetrahydroisoqu1nol1nedione. The 
entire scheme is illustrated below. 
0 0 0 H ,, ,, 
H I .... ~I)" c-oH pct5 l/'v' C. --c.R cH1 Ng -, q'I),.. C@C - N : N 1-1:1n,) 
~ 'l l' ~ .. "°/C;N t;,00 ) '/'CE N 7 /'C::N 
0 0 0 
" + H II (~c.-CK1 // 'v' c, C ~1. c BF3,H~'\ ? !'(" ' c \'\-i ~ I\ I > l' I '/ c:N '/' ...,I{ '/' C' NH c. " 
I " OH 0 
The next section is a discussion of the starting unit, 
o-cyanobenzoic acid, the problems in its preparation and 
activity, and some unique nitrogen chemistry encountered in 
working with this compound. 
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The basic chemistry of ortho-cyanobenzoic acid and some 
of the related problems encountered when dealing with this 
compound can be easily understood upon examining the various 
isomers which exist of the acid. The different possible 
structures of this compound are results of interrelations 
between the carboxyl group and the cyano group which are 
present on the aromatic ring. T.he fact that the two groups 
are in close proximity allows for the isomerizations which 
occur, and consequently, the difficulty which occurs 1n the 
isolation of any one of them under specific conditions. 
The three different forms are shown belowa they are ortho- 
cyanobenzo1c acid, 
0 
\\ 
.f'\y C -o\-\ 
~/'c.;::N 
phthalimid, and 1sophthalim1d. 
0 
o-oyanobenzoic acid 
I\ 
tiy"'C)Wrl ~Ac 
ti 
0 
phthalimid 
0 
11 
?'~c,o 
~/ ..... c. / -c II 
~ 1sophthalim1d 
The transitions between the forms probably involve the 
attraction of the electron pair of the hydroxyl group 
for the nucleophilic center at the cyano group. In this manner 
a bond is formed between that oxygen atom and the cyano carbon 
atom with the hydrogen atom attaching to the nitrogen atom. 
Therefore, the triple bond there is reduced to a double bond.2 
If this process continues further, another electron pair from 
the double-bond cyano group could contribute to the formation 
of a second carbonyl group and the nitrogen atom would move 
down and separate the two opposing carbonyl groups. This 
would result in phthal1m1d. Phthalimid shows perfect symmetry 
-5- 
and, accordingly, exhibits unusually high melting points. 
This entire relationship including related mechanisms is 
> 
@ 
ti - o-H 
I 
ti'\,.... c,,N 
,/'c~ 
•I 
0 
OH 
I 
HaO ) t~'(' C'\J 
....._/ <, / c 
II 
0 
diagrammed below. 
" 7'jj" CJN-M ~ :;, c . 
II 
0 
All three ring-positional isomers, o-, m-, and p-cyano 
benzoic acids are important chemicals in the synthesis of 
many other reagents. One important synthesis leads to the 
formation of the various phthalic acids and their derivatives. 
However. only the ortho- isomer exhibits this reactivity be- 
tween the neighboring groups. 
Orte main concern in using the nitrile group as the 
nucleophilic attractor is the linearity of the n1trile group 
itself. When the final d1azoketone is ready for protonation, 
will the straight nitrile group lend itself to act as a nucleo- 
phile? Will the nitrile group join the positively-charged 
diazoketone group? It must be considered that other ortho- 
substituted groups such as the methoxy group are not linear. 
Perhaps this factor aids them in the oyclization process. 
Only our results will verify this hypothesis. 
Before proceeding with the different syntheses of the 
acid which were collected and attempted, a short discussion 
of the isoquinoline final product will be presented. 
-6- 
The cyclization process which is being investigated 
in this work results in the formation of a derivative 
of isoqu1noline. 
0 
ll 
t}(c 'c.14 I I 2. -c c.....-NH 
II 
0 
11 't-tetrahydroisoquinolinedione isoquinoline 
The compound has two oxygen atoms affixed at the 1- and 
4- positions on the newly formed ring. Tautomerism illus- 
trates that these can take the forms of either hydroxyl 
groups or carbonyl groups, or some combination thereof.J 
The four different structures contain the following sub- 
stituentss 
1. a l-subst1tuted hydroxyl group a 4-subst1tuted hydroxyl group 
2. a 1-substituted hydroxyl group a 4-substituted carbonyl group 
3. a I-substituted carbonyl group a 4-substituted hydroxyl group 
4. a 1-substituted carbonyl group a 4-substituted carbonyl group 
Studies completed on spectra of these various tautomers 
and predictions based on expected aromaticity of the 
various structures predicts the fourth structure as the 
predominant form. Therefore, the naming of the compound 
class has favored tetrahydro1soquinolinedione over 
hydroxy1socarbostyr11. 
-7- 
-8- 
During the course of this research several different 
methods of synthesizing o-cyanobenzoic acid were investi- 
gated and attempted. Each of ~he methods, along with the 
different trials and experimental results, will be looked 
at in great detail in the paper. First, however, the group 
of methods will be presented 1n brief as an introduction 
to the syntheses. 
The first synthesis looked into had phthalamide as its 
4 starting material. When phthalamide is reacted with p- 
toluenesulfonylchloride in the presence of pyridine, one 
of the amide groups is reduced to the nitrile group by an 
elimination mechanism. Hydrogen chloride is released and an 
intermediate is formed between the n1tr1le group and the 
sulfonyl group. When the sulfonic acid 1s removed, the tr1- 
ple bond is formed between the carbon and nitrogen atoms. 
reaction B 
This sequence is 
+!-\el 
The o-cyanobenzamide can then be converted to the acid 
by reaction with anhydrous sodium acetate and commercial 
sodium hypoehlorite solution at 57 degrees* with constant 
swirling. This sequence is shown in reaction c. 
reaction c 
Na.Oct ) 
No.OAc 
6 
*Unless specified otherwise, all temperatures reported are 
measured 1n degrees Centigrade. 
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Another method was found to carry out the second part 
of the synthesis just mentioned.6•7 It involves treating 
o-cyanobenzamide with nitrous acid under specified conditions. 
The eyanobenzoic acid is for~ed with the elimination of 
nitrogen gas and water. This method will also be fully dis- 
cussed in the next section. 
One synthesis which was not attempted in this research· 
work has o-aldehydobenzo1c acid as its intermediate com- 
pound. After this acid is prepared~ it is treated with 
hydroxylamine hydrochloride in an alcoholic solution. Through 
an elimination mechanism, the aldehyde group is converted 
to the nitrile group.9 This sequence is shown below in 
reaction D. 
reaction D 
0 
II 
G,.,c-oH I + .... /'C-H 
" 0 
The next major method of synthesis which was checked 
involved a d1azonium salt. Much was found in the literature 
concerning processes using diazonium salts and the related 
Sandmeyer reaction. 10,11,12 T th i i th1 th d he syn es s us ng s me o 
was reported for the para- isomer of aminobenzoic acid and 
we tried to follow the same procedure for the ortho- isomer. 
Our starting material, therefore, was anthranilic acid. 
Modifications of the Sandmeyer Reaction were also found 
in the literature and their applications will be fully dis- 
cussed in the next section of the paper. The general reaction 
for this synthesis is shown below in reaction E. 
-10- 
reaction E 
0 
ti f]X'c-ol-\ 
, NH1 
HCI ) 
N~wo1 
tee 
0 
II 
'/"!)"' c-cs 
~~N+ ' z, 
0 ,, 
--"'C-=u-=-c .:...!...N ~> (II c_- ol-l + Ni t 
,/'C.=N 
Two additional methods for preparing the acid were 
acquired later during the work which were completely dif- 
ferent from the previous methods mentioned. The first syn- 
thesis deals with oxidation of substituted tolun1tr1les to 
13 the appropriate acids. The solvent used for all three of 
the positional isomers, o-, m-, and p-, which were tried 
was o-dichlorobenzene. The oxidizing agent was nitrogen 
dioxide. The conditions in running these oxidations are 
quite extreme and do not facilitate this method for an 
appreciable yield of product. The last method considered 
obviated any further trials due to its great success. 
This final method discovered is actually an inter- 
mediate step in the formation of various phenylpen1c1llins 
which are being used as new antibacterial agents. The 
process involves treating phthaloyl chloride with concen- 
trated ammonium hydroxide in water. Background material 
will be presented later as to the assumed mechanism of this 
transformationi however, the reaction is shown below in 
reaction F.14 
reaction F 
0 u 
f'I\" c -c t 
~/'c-c1 
II 
0 
0 
II 
tl(c-oH + HCl t , /' c: N 
Now that the various methods have been introduced, 
the actual attempts at the various methods will be presented 
with the appropriate results which were obtained. In many 
-11- 
cases it will be noticed that the unique chemistry of this 
cyanobenzoic ao1d plays a deo~sive role in the stability 
of the compound being synthesized. Infrared data will val- 
idity these hypotheses and add to the knowledge of nitrile 
chemistry and isomer1zat1on mechanisms. 
-12- 
The first attempt at synthesizing the acid involved a 
two-step process. This method consisted of, first, reducing 
one of the amide groups of phthalamide down to the nitrile 
group and then, hydrolyzing the remaining amide group to 
the carboxyl group, The general reaction for this first 
reaction G --~) o,.c:N - ,.....~ -NHz 
0 
+ 
H C tr'\\ ll s • \;:I - sol n 
Ten grams of phthalamide and lJ.15 grams of p-toluenesulf- 
step is shown below in reaction G. 
onyl chloride together with 11.5 ml. of the catalyst pyri- 
dine were heated to 115 degrees for approximately ten minutes. 
After the reaction ended spontaneously, the precipitate was 
collected and weighed. The percent yield for this part of 
the experiment was 97% as 7.91 grams of o-cyanobenzamide 
were obtained, It is important to note the ratio of p- 
toluenesulfonyl chloride to diamide used in the reaction. 
If twice as much p-tosyl chloride is used, the product 
will contain two nitrile groups as both amide groups will 
be reduced, Phthalonitr1le ls shown below. 
phthalonitr1le 
The Molar Table for this part of the reaction is as follows. 
reagent 
phthalam1de 
p-tosyl chloride 
o-cyanobenzamide 
1:1Ql. Wght. 
164 
190.5 146 
moles 
0.061 
0.069 
0,055 
grams 
10 lJ.15 
8,1 
-13- 
The second step of this method hydrolyzes the remaining 
amide group to the carboxyl g~oup. The Molar Table of Re- 
agents for this part is as followss 
Reagent .HQ.!.. Wght. moles grams 
o-cyanobenzam1de 146 0.01 1.46 
sodium acetate 82 o.os 4.oo 
o-cyanobenzoic acid 147 0.01 1.70 
A suspension of 1.46 grams of o-cyanobenzamide and four 
grams of anhydrous sodium acetate 1n 21 ml. of commercial 
sodium hypochloride solut1on15 was prepared in an erlenmeyer 
flask titted with a thermometer. The mixture was heated on 
a hot plate with continuous swirling. The temperature rose 
to 60° in three to five minutes. Then, the solution was 
removed from the hot plate and swirled vigorously for an 
additional two minutes. The temperature remained constant 
during th'1s time. Next, tne batch was placed 1n an ice bath 
and a second run was made of the procedure just described. 
Most of the material went into solution. The filtrates of 
two identical runs were combined and acidified with hydro- 
chloric acid (concentrated) • Some of the undissolved 
amide still remained and this was filtered off. The wet 
material was transferred to a beaker and twenty ml. of 
ethyl acetate was added. The mixture was heated to 77° 
and stirred well to completely separate the organic and in- 
organic layers of the two-phase system which resulted. 
The organic layer was decanted into a flat evaporating dish. 
-14- 
An additional twenty ml. of ethyl acetate was added and 
again the two-phase system was separate in a separatory fun- 
nel, Two combined organic layers were left to evaporate 
and a light tan crystalline substance remained after com- 
plete evaporation. It melted at 230°. 
The overall reaction for the second step is given below1 
reaction H Na. OAc. ) No. 0 Cl 
0 
II 
0c-0H 
,/'C:N 
One of the problems with this second part of the method 
being used is the ease of hydrolysis of both the amide group 
and the already present nitrile group on the ring. The fact 
that the nitrile group 1s formed before the carboxyl group 
creates difficulties in trying to hydrolyze the amide group 
to the carboxYl group without simultaneously hydrolyzing the 
nitr1le group, A thin layer chromotography was run on the 
product obtained at the end of the reaction and it was 
evident that a mixture of products had resulted. The dia- 
grammatic system of hydrolysis below illustrates the pos- 
sible combinations of products which could result as a 
consequence of uninhibited hydrolysis, 
fi\"C! N 
o ~'·~-MH1 
II 0~ () ~,C'~j 
~~'c:N O 
" 1-)l,...c-NH1 
~/-~-NH1 
0 
0 ,, 
?}." c-oH 
~~ .... e -o~ 
II 
0 
It was discovered later in the research by way of 
infrared analysis that the greatest portion of the product 
obtained was, in fact, phthalimid. This was most likely a 
-15- 
result of the transition of the o-cyanobenzoic acid as it 
was formed to the more stable phthal1mid. 
Although this method o.f. synthesis did not prove sue- 
cessful in the intended synthesis, it was worthwhile in 
providing information regarding relative ease of hydrolysis 
of various side groups when they are competing in one mol- 
ecule. 
Another possible, but unlikely, synthesis of the acid 
which has not been mentioned as yet is the partial hydrol- 
ysis of phthalonitrile. The subject is brought up here 
since it 1s somewhat related to the chemistry of partial 
hydrolysis which was just discussed. If sulfuric acid is 
used, 1t is possible that some six different products could 
result. Among them is the desired o-cyanobenzoic acid. 
Some of their expected ratios are also indicated. Further 
study would be necessary to prove these ratios. 
0 
II ?l'\ ..... c-ct-t 
~/'C=N 
0 
II t}X' c-OH 
!::-.,... c-oH ,, 
0 
"('"cal ,, 
, .... -c •N 
0 
" t, ... c-oH 11 r": c "'" -c " -.v "z. 
o I 
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Another method was found to convert the already formed 
o-cyanobenzamide to the corresponding acid. The agent in 
this method is nitrous acid. The reference which was con- 
sulted dealt with the conversion of acetamide to acetic acid. 
Nitrogen 1s emitted in this reaction. 
Two batches were run for this method simultaneously. 
One reaction contained the nitrous acid and the amide in 
the ratio of 2 a 1 • The other batch contained these reagents 
in a one to one ratio. Both ratios were tried to note dif- 
ferences in the amount of acid produced in each, if any 
at all formed during the reactions. 
Two to one ratio reaction One to one ratio reaction 
o-cyanobenzamide 5.0 g. s.o g. 
NaNO 11.6 g. 5.8 g. 
2 
H2o 116 cc. 58 cc. 
4.2 ml. H SO in 28 ml. H2o 2.1 ml. H2so4 in 14 ml. H2o 2 4 
Both reactions were run in identical apparatus and in iden- 
tical manners. The amide and the solid sodium nitrate were 
dissolved by heating in water. The reaction flasks were 
fitted with stirrers and dropping funnels. To both mixtures 
were added slowly (two drops per minute) the sulfuric acid 
dissolved in water. Both mixtures were stirred for two to 
three hours. The temperatures of both batches were kept at 
50° to 60° during the addition of the acid and at 30° to 
35° during the final stirring. Then both flasks were heated 
-17- 
for half an hour at 80° to dr1ve off the excess nitrogen 
oxides and then were distilled~ The Tables of Acid Addition 
are given belows 
Two to One Ratio One to One Ratio 
time temp. H2so4 ~ temp. H2so4 
0 min. 55° 0 o min. 55° 0 
25 52 20 25 so 20 
JO 50 40 JO 50 40 
40 57 110 40 57 120 
45 61 all 45 60 all 
After the reactions were completed, both batches were 
treated with NaHCO. The two-phase system was separated 
3 
in a separatory funnel. The organic layer was then treated 
with hydrochloric acid. The acid was in the soluble layer 
and the amide was expectedly in the insoluble material which 
precipitated out when the HCl was added to the mixture. 
The products were collected from both reactions and ana- 
lyzed carefully. 
The solid collected from the two to one molar ratio 
reaction melted at 140°. The solid collected from the 1 s 1 
molar ratio reaction of nitrous acid to amide melted at 
210° to 220°. This last product was subjected to a carbon, 
hydrogen, nitrogen analysis for content by weight. The 
results are listed below. 
expected 
found 
carbon(%) 
70.5 
66.1 
hydrogen(.%) 
4.2 4.o 
nitrogen(%) 
11.78 
12.00 
-18- 
Unfortunately, although the C, H, N analysis was 
optimistic, the infrared spectrum of this product later 
revealed that the material collected was phthal1m1d and 
not o-cyanobenzoic acid. This is a fact which the weight 
analysis could not tell us since both compounds have iden- 
tical mass weights. The spectroscopy, on the other hand, 
clearly differentiates between the two substances. All re- 
sulting infrared spectra will be presented later in the 
paper. 
Another nitrous acid reaction was run after the com- 
pletion of the two which were just discussed. The only dif- 
ference from the two previous runs is the ratio of nitrous 
acid to the amide used; it was four to one in this final 
run. The temperature was recorded at approximately five 
minute intervals and it was maintained at around 65°. The 
sulfuric acid was added at a rate of two drops every five 
seconds. The acid was added over a period of one hour and 
the reaction mixture was then stirred for an additional 
45 minutes. Five grams of o-cyanobenzamide was added to 
2).2 grams of NaNO in 232 ml. of water. Then, the amount 
2 
of sulfuric acid which was added was 8.4 ml. dissolved in 
56 ml. H2o. The batch .;was treated with sodium bicarbonate 
and then with hydrochloric acid as was previously described. 
The acid was allowed to evaporate overnight and the solid 
was collected the next day. 
When the acid crystals which were collected were 
titrated with equivalent normality of NaOH, it was found 
that the equivalent molecular weight of the final material 
was 99. It was not determined what the product was1 however 
-19- 
the product obtained is probably phthalic aci~ since it 
is a dibasic acid and its equivalent weight is 8J, The 
equivalent weight of all of the isomers of o-cyanobenzoic 
acid is 147. 
-20- 
The discovery of the d1azon1um salt was a milestone 
in synthetic organic chemistry. These remarkable salts 
can be used to prepare a var1e~y of compounds which con- 
tain many different functional groups. For example, from 
the benzenediazonium salts can be formed a whole range of 
substituted ring compounds where the substituted groups 
vary from a halogen atom to a hydrogen atom to a n1tr1le 
group. Our interest in this method deals with the latter 
group mentioned. 
A modification of the Sandmeyer synthesis of n1tr1les 
has been reported by H. T. Clarke and R.R. Read. In the 
original Sandmeyer process the amino group is replaced by 
the n1tr1le group through the addition of cupric sulfate to 
potassium cyanide, to which the acidified diazon1um salt 
ls added. It was found that a solution of sod1umcuprooyanide 
was far more successful and could be prepared with ease. 
It ls extremely important that the actual diazon1um 
reaction be carried out at extremely low temperatures. 
What ls the reason for this? The particular salt which we 
are working with in this synthesis, o-diazoniumbenzoate, 
is highly reactive and can be, in fact, explosive. A vio- 
lent el1m1nat1on reaction which may occur can result in the 
formation of the "benzyne" molecule. This ls shown below. 
-21- 
The overall reaction 1s shown below. 
reaction 
0 
II 
?'°!')" C.- OH 
~,/'NHz 
HCL 
No. N02 ) 
00 
0 
" - 
O;C-O I + "/'Nz c ... cN > 
0 
II 
?r,...c-01-1 
~~c:N 
One-hundred-sixty (160) grams of cuso4 was added to a solu- 
tion of eighty (80) grams of NaCN, both of which were readily 
available. To this mixture was added 125 ml. of H2o, and the 
entire mixture was heated slightly to facilitate dissolu- 
tion. Then, 60 grams of anhydrous sodium carbonate was added 
to the mixture. The work-up revealed a precipitate and a 
constantl,Y rising "spongy layer .. of material. The final 
batch was dark brown. The color transition during the re- 
action period went from an original yellowish-brown color 
to a light tan color to a viscous dark brown fluid. The 
solution was heated further to facilitate complete dissolu- 
tion of the larger copper-sulfate crystals. Temperature was 
maintained at 50° to 60°. 
Next the d1azotized solution was prepared in a separate 
beaker. To·4o grams of anthranilic acid (o-aminobenzoic acid) 
was added 70 ml. of concentrated hydrochloric acid, 100 ml. 
of water, JOO grams of ice, and a solution of 20 grams of 
NaN02 dissolved in 50 ml. of water. The diazonium salt 
had the appearance of a clear solution with several large 
undissolved .. chips" of anthranilic acid remaining on the 
bottom of the beaker. 
During a period of fifteen minutes, the diazoniwn salt 
was added slowly to the cuprocyanide work-up. The work-up 
remained, therefore, alkaline throughout the reaction. 
As the di·azotized solution was added, the "superfluous 
-22- 
spongy layer" seemed to rise rapidly - then sink back down. 
Throughout the reaction a light tan-colored precipitate 
collected at the bottom of the reaction flask. When the 
salt was completely added (temperature kept at 55°), the 
mixture stood for 45 minutes at room temperature. A dark- 
brown precipitate gradually appeared throughout the mixture. 
The solid was separated from the remaining filtrate. 
It supposedly contained the o-cyanobenzoio acid formed and 
residual CuCN. After the addition of ammonium hydroxide, 
the blue copper salts remained trapped in the filter paper 
and the brown solution was collected in a flask. Hydro- 
chloric acid was next added to the filtrate until it was 
acidic. The precipitate was filtered off as a deep brown 
mass. The weight of the product was 20.84 grams. The ex- 
pected weight was 43 grams. The percent yield expected was 
45% and a true 46% yield was obtained. The solid melted in 
a range of 215° to 230°. 
The melting range observed seemed unreasonably high 
for the expected acid. Infrared observations revealed a 
spectrum very similar to the spectrum reference of phthal- 
imid which was also run. The most likely conclusion which 
can be drawn is that the heat of the reaction caused the 
o-cyanobenzoio acid, as it was being formed, to rearrange 
and form the more symmetrical and stable isomer, phthal1mid. 
The redox equation which represents the formation of 
the CuCN formed 1n the experiment 1s given belows 
equation 
Poisonous cyanogen was emitted during the reaction. The entire 
-23- 
reaction was carried out under a hood as a safety precaution. 
Both in the reported literature and in the reaction 
performed in our work, cyanogen and hydrogen chloride gas 
were emitted during the reaction. No progress has been 
found in the literature as to any attempts to preclude the 
evolution of these gases during this process. 
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The final method attempted proved without a doubt 
to be the most successful of all the methods tried. The 
synthesis was located in material which was released which 
dealt primarily with the synthe"sis of various phenylpen1- 
cillins; antibacterial agents for animals. Various deri- 
vatives of o-cyanobenzoic acid were required in the syntheses 
to achieve the final drugs desired, First the experimental 
procedure which was followed will be presented. Then, a 
word will be said about the mechanism involved in the 
reaction which occurred. 
reaction I 
0 
" ~,c-ct 
~}'c- Cl 
" 0 
0 
A solution of 600 ml. of concentrated ammonium hydroxide 
(8.88 moles) was mixed with 240 ml. of water and the resulting 
batch was placed in a two-liter three-necked flask equipped 
with a stirrer and a dropping funnel. It was then cooled 
to zero degrees in an ice bath. Phthaloyl chloride (J66 g., 
1.80 moles) was added dropwise over a period of one hour 
and forty-five minutes. One liter of water was then added 
to yield a clear solution which was acidified to a pH of 
about two with JOO ml. of concentrated hydrochloric acid. 
The crude product, o-cyanobenzoic acid, precipitated as a 
white solid which was collected by filtration. Then, it was 
dissolved in 1.5 liters of water containing two moles of 
sodium bicarbonate. The solution was then filtered to remove 
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When phthaloyl chloride reacts with phenols and aluminum 
chloride, derivatives of the unsymmetrical form are usu- 
ally synthesized. The phthaloyl chloride first isomerizes 
into the dyssymmetrical form and then reacts. However, when 
it reacts in other types of reactions, with ammonia for 
example, the chloride retains its normal configuration 
throughout the reaction. The mechanism of this reaction is 
shown belows 
0 
" ti'\" c-ci /- c - C. l + NH 3 -.....; II 
0 
C·l'./H'l. G ' Cl 
OHG) t":'-.,..C~~ 
----):i. 11 0 ,,., / ..,_ c .. 
0 
N 
'" t"j( c G) .... ,!.i.. c .. ~ ,, 
0 
0 
OH 
t 
1-1- ~- ~ 
" 1°1y"" c,o 
~,... ........ c-" 
II 
0 
As shown above four moles of base are required to react 
with each mole of phthaloyl chloride. 
This mechanism will be the subject of a future research 
project using labeled oxygen to verify it, The product should 
contain no labeled oxygen. As this final method of synthesis proved quite suc- 
cessful, this product was used in the attempts to complete 
the second part of the overall synthesis of isoqu1noline. 
This will be taken up in the next section. 
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The usual conversion of organic acids to their re- 
spective chlorides involves treatment with any one of 
three compounds under specified conditionss phosphorous 
trichloride, phosphorous pentachloride, or thionyl chloride. 
The specific compound used depends on the conditions of 
the reaction and the nature of the acid which is being 
16 converted. It has been reported that o-cyanobenzoic acid 
can be converted to o-cyanobenzoyl chloride by treatment 
with PCl for one hour at 6o0c. 
5 
Before the reference could be gotten several attempts 
were tried using both PC15 and soc12• The general reaction 
for this conversion is given below. 
reaction J 
0 ,, 
t~,,,. c -oH I ( + SQ C. l2. , /' c !N 
0 
II , h0 C-Cl ---', + SO .. + 1-{Ct 
~ 'CiN .. 
The first run which was made included thionyl chloride 
and a catalrst which was tried in the reactions d1methyl- 
formamide. The Table of Reactants for this reaction is shown 
belows 
Reactant Mo. Wght. - - - - - moles grams 
o-cyano- 
benzoio acid 
SOCl 
2 
147 
118.97 
0.14 
0.35 
20 
41.6 
DMF 10 cc. 
o-cyano- benzoyl chloride 165.5 0.14 22.9 
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The acid and the chloride were placed in a round-bottom 
flask fitted with a stirrer and a thermometer. The reaction 
0 mixture was heated to the boiling point of soc12 , 80 for 
about one hour. When the DMF catalyst was added, the batch 
changed from a yellowish color to a bright red and then, 
to a very dark red color. Fifty ml. or benzene was added 
to the reaction batch as a solvent. No information on sol- 
vents was ever received concerning this reaction. 
Next, the distillation process was begun to obtain the 
chloride. The reaction mixture became a black viscous mass 
and the distillation became uncontrollable, More benzene 
was added to try to facilitate distillation, but it was to 
no avail. The reaction was then aborted. 
Two reactions were next run simultaneously which 
were run under identical conditions with identical reagents. 
One mixture would undergo distillation after refluxing and 
in the other reaction mixture, the solvent would be evapor- 
ated off to obtain the desired chloride. 
The Table of Reactants for both runs is given below. 
Reactant Mol. Wght. - - -- ... - moles 
0-CYANO 
benzoic acid 
SOC12 
147 
118.97 
0,14 20 
0.21 25 
benzene 100 ml. 
o-cyano- benzoyl chloride 165.5 0.14 22.9 
The apparatus for these reactions is illustrated on page~~. 
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Before phosphorous pentachloride was tried for the 
conversion, two additional methods of converting various 
organic acids to their corresponding chlorides were found. 
They will be discussed at this time. 
17 . The first synthesis is the "acid chloride exchange" 
reaction which involves treating the acid in question with 
a different acid chloride in order to convert the former 
to its chloride by way of converting the latter back to 
corresponding acid. The reaction given as an example using 
this method is shown belows 
0 
0 
0 
II ~-c-c-c.t 
II 
cl - c - C - H reaction K " 
II H-c-c, p--.... .. c-c1 
,, 0 t l." 
H - c - c I .............. c - Cl 
II 
0 
+ ZnCl 
2 
II 
0 
II 
0 
2 hr. 
82 - 95% 
+ 
As illustrated above maleic anhydride and phthaloyl chloride 
in the presence of catalytic amounts of zinc chloride under- 
went a chloride exchange to yield fumaryl chloride and 
phthalic anhydride. In this particular reaction, some isom- 
erization also occurred to yield the trans-isomer of the 
resulting chloride. 
In the parallel reaction which was run, acetyl chloride 
was used as the chlorinating agent in the presence of traces 
of Znc12• 
Two grams of o-cyanobenzoic acid and ten grams of 
aeetyl chloride were placed in a round-bottom flask with 
less than one gram of Znc12 fitted with a thermometer and 
0 a condensor. The mixture was refluxed at 52 for two hours. 
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Both sets of reagents were placed in round-bottom flasks 
fitted with stirrers, condensors, and thermometers. Both 
mixtures were refluxed for 6~ hours before the work-ups 
were made. In the first reaction batch a yellowish-white 
solid was collected by filtration and drying and it was 
0 found to melt at 195. 
In the other reaction batch, before the refluxing was 
complete a sample of the reacting fluid was removed from 
the flask and allowed to dry. It was filtered over reduced 
pressure and by passing gas over the material to aid in 
driving off the solvent present. When some solid precipi- 
o 0 tate was collected, it was found to melt at 70 to 75. 
Consequently, 1t was found that, at least, during this re- 
action some of the chloride desired had been formed. However, 
when the remainder of the solid was collected by suction 
filtration, it was found to melt en masse at 215°c. It 
had appeared that the major product of these reactions was 
phthalimide. All attempts at forming the chloride using 
SOCl had produced phthalimid irreversibly. For some un- 2 
known reas~n, thionyl chloride catalyzes the reaction suf- 
ficiently to form the more stable isomer of o-cyanobenzoic 
acid. 
Thionyl chloride was also used in two reactions which 
were conducted at room temperature. The catalyst dimethyl- 
formamide was added to one of the reaction mixtures and no 
catalyst was added to the other mixture. At room tempera- 
ture, neither reaction occurred. 
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At this time the solid material in the batch was collected 
by suction filtration and the melting point of the white 
solid was 165°. Apparently, the reaction did not proceed 
sufficiently to chlorinate most of the acid. Most of the 
solid collected was the starting material. No other trials 
were made utilizing this particular method. 
The second method which was found consists of treating 
18 the acid with oxalyl chloride in one of two ways • The 
reference located involved a steroid acid being converted 
to its corresponding acid chloride. The acid can either be 
first converted to its sodium salt, and then treated with 
oxalyl chloride together with catalytic amounts of pyri- 
dine; or the acid can simply be treated with oxalyl chloride 
in benzene at room temperature. It was found in another 
reference19 that at least two moles of oxalyl chloride 
must be reacted with each mole of organic acid being con- 
verted. The mechanism, which is a partial chain propagation 
mechanism, is shown below: 
0 
" 0 0 l':...I .... c -OJ.I II ti .2 11 +ct-e·c-cl ,/·'-c.:N 
0 0 0 0 
II 1111 II ?11.... c - 0 - c - c. - 0 - e - "'""ll 
~/"c ... ~ "~ ,,,. ~ ~~ c. 
N"' 
-(co -t- co2) 
0 0 
11 11 0 0 
~ .. ( c - o - c -r" + C.l _ ~ _ ~ _ cl 
2, ~ /'Ctl we."···/ 
0 
II 
~"il"' c - CL 
2 ~,..'C.iN 
0 + 0 0 0 
II II II II ;'! t""' e - 0 - e - c - 0 - c: - (i'l .., "°'Cfll HC'"" "' 
Table of Reactants for Oxalyl Chloride Reaction ------------------------- Re~ctant Mo1._Wgh!. mole~ 
o-cyanobenzoic 
acid 
oxalyl chloride 
147 
127 
0.1 14.7 
25.4 0.2 
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The reaction mixture was heated continuously until 
bubbles of HCl and CO gas were seen to form on the surface 
of the reaction batch. It was ~hen refluxed for two hours. 
The temperature remained at approximately 72° during the 
period of refluxing. The resulting mixture then sat for 
eighteen hours before the material was collected and 
dried under suction-filtration, The solid collected was 
found to melt at a range from 90° to 145°c. This indicated 
that some of the desired chloride was probably synthesized 
during the reaction, However, the product was not pure. 
The last method attempted for producing the chloride 
of o-cyanobenzoic acid made use of PCl, phosphorous penta- 
5 
chloride. We still have no exact data indicating the nature 
of solvent to be used in the reaction, or whether one is 
even needed. Direct heating to 60° of the acid and the 
chloride does initiate a reaction which can occur provided 
0 the temperature is kept at 60 throughout. Several attempts 
have been zµade to synthesize the chlorides Although none 
of the reactions carried out has produced a pure product, 
mixtures of the starting acid and the chloride product 
have probably been obtained, The runs which were made will 
be presented. 
The Table of Reactants for the first reaction run is 
given belows 
Reactant Mol, Wght, moles grams - - - - - - - - - - - - - - - - 
o-cyanobenzoic 147 0.07 10 acid 
PCl 208 0.07 15 
5 
benzene 50 ml, 
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0 The mixture was refluxed for 95 minutes at 60 c. and the 
solid was collected after it was dried by suction-filtration. 
o· It melted upon heating at 226 c. The general equation for 
this reaction is given belows 
reaction L 
0 
11 
t '°:'it"' c -OH I\ -t PCLs -.../'c:w 
Another run was tried for the same reaction but 1t was 
refluxed for a longer period of time. The Molar Ratio was 
the same as the previous run and 1t was on a much smaller 
scale, Only 0.01 moles of each of the two substances was 
reacted. Again, benzene was used as a solvent; 25 ml. was 
introduced into the reaction flask. The flask was fitted 
with a condenser, a stirrer, and a thermometer. A record of 
the temperature of the reaction was also recorded. It is 
given below. 
~ (minutes) temperature ( oc.) 
0 JO 
10 44 
45 4J 85 47 
100 50 
115 55 
130 58 
160 53 235 52 265 56 
295 55 
J25 56 J70 56 
• • 
• • 
• • 
The reaction lasted over twenty hours with the temperature 
remaining just under the 60° mark. When the product was re- 
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0 crystallized 1t melted at 227 c. Again, the acid seems to 
have converted to phthal1mid before being chlorinated. 
When reactions were tried for shorter periods of time, 
better results were obtained. One reaction was tried with 
a refluxing time of just under one hour. The white solid 
0 collected melted as low as 102 c. Although the only repor- 
ted source records a melting temperature of the o-cyano- 
benzoyl chloride as 73°c., it is quite possible that this 
does not represent the melting temperature of pure chloride 
which might have been formed here. 
One reference which might help us in isolating the 
chloride from the acid if we do indeed have mixtures from 
some of these reactions, cites hot 11gro1n as the separa- 
tor. It was reported that a mixture of phosphorous oxy- 
chloride (POCl ), PCl , o-cyanobenzoic acid, and o-cyano- 
3 5 
benzoyl chloride can be separated by using this method. 
First, the mixture is treated with ice, cold water, and then 
filtered. The organic substituents (acid and chloride) 
precipitate and remain in the filter paper. Then, the mass 
retained is treated with hot ligroin (petroleum ether). 
The o-cyanobenzoic acid should precipitate out and the 
chloride should remain dissolved in the ligro1n. 
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Before the reaction of the o-cyanobenzoyl chloride 
with d1azomethane, the diazomethane must be prepared by 
the reaction involving a "precursor" compound. This com- 
pound is N,N'-dinitroso-N,N'-d~methylterephthalamide. 
It is shown below. 
N,N'-din1troso-N,N'-dimethylterephthalam1de 
~e o o cM 
' If II _, J 
N - c - ~'- c -N ;' '::./ ... IV. o~~ •o 
The procedure in the preparation of diazomethane must 
be closely adhered to as the product is highly toxic and 
explosive. A condensor at least 60 cm. in length is fitted 
with an adaptor which extends into about nine mm. of tubing 
which itself extends nearly to the bottom of a five-liter 
round-bottom flask which serves as the distillation re- 
ceiver. The receiver should be closed with a two-holed 
cork and dropping tube if anhydrous diazomethane is desired. 
The receiver is placed in a well-mixed ice-salt bath and 
anhydrous ether is added to cover the tip of the adaptor. 
In a five-liter round-bottom flask are placed three 
liters of USP solvent-grade ether (wet ether), 450 ml. of 
diethyleneglycolmonoethylether, and 0.6 liters of JO% 
aqueous sodium hydroxide solution. The mixture is chilled 
0 1n an ice-salt bath to 0 c. and 180 grams of the "precursor" 
is added in one portion. The flask is then immediately 
transferred to a heating mantle and connected by a goose- 
neck to the condensor. The yellow color of diazomethane 
appears in the receiver almost immediately. About two liters 
of ether is distilled in 2 to 2.5 hours (the faster the 
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distillation the higher the yield). The distilling ether 
is practically colorless at this point. The tip of the 
adaptor should be kept just below the surface of the dis- 
tilling liquid during the process. Titration determines 
0.76 - 0.86 (76.% - 86%) moles of diazomethane prepared. 
When the apparatus has been protected with a drying tube, 
the product is suitable for reaction with an acid chloride 
without any further drying. 
These notes are available dealing with the preparation 
of diazomethane from the previous work which led to this 
research project. The apparatus for this reaction is dia- 
grammed on page If S • 
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The notes concerning the last cyclization step of the 
isoquinoline synthesis relate to the solvent which should 
be used when carrying out this step. It must be remem- 
bered that certain solvents, in forming their carbonium 
or oxonium ions, can create auxiliary nucleophilic centers 
which could attract the nucleophile substituent. If this 
occurs, the nucleophile would not complete cyclization 
since it would be "blocked" by the first electrophile 
which it contacted. 
For example, methyl nitrile and triethyloxonium ion 
combine to form diethyl ether and the nitrilium salt shown 
below. 
@ 
H c -c:N-ci.H5' 
3 
Now this nitrile group is blocked from any other electro- 
phile which might be present. 
Consequently, a solvent should be chosen which is 
unlikely to form an oxonium ion or carbonium ion intermed- 
iate. This would prevent "blocking" of cyclization due to 
oxonium formation 1 for example 0 
o si:-3 
II ~ C'&. '4$" 
1.: c:.-c-o~ ~IY" \ ' l_l,..,C • H C-z H, ,,. ::N 
Literature tells us that o-dichlorobenzene is suitable 
ao for the reaction desired in this work. It will preserve 
the nitrile group and allow it to properly attack the 
nucleophilic center at the diazoketone group, as desired. 
-38- 
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